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Abstract 

CAPTCHA systems are widely used on websites to tell human users apart from automated bots and to protect 

online platforms. However, traditional CAPTCHA methods often lead to usability issues and are becoming 

more susceptible to machine learning attacks.  

This research introduces a refined CAPTCHA framework that uses machine learning techniques to improve 

security and usability. The new model uses deep learning algorithms to assess CAPTCHA complexity and 

create stronger verification challenges. By combining smart image processing with adaptable challenge 

mechanisms, the system can adjust CAPTCHA difficulty based on real-time threat patterns.  

 This flexible approach ensures that legitimate users face minimal inconvenience while automated bots find 

it harder to solve the challenges. Experimental results indicate that the new model boosts the resilience of 

CAPTCHA systems against automated attacks while keeping user interaction smooth. The study supports the 

creation of modern authentication systems that successfully balance usability and security in online 

environments. 
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1 Introduction 

In today's internet environment, CAPTCHA systems are essential for protecting websites from harmful 

automated programs. These verification tests help tell human users apart from bots and are commonly found 

in login pages, online transactions, registration systems, and comment submissions. 

Still, traditional CAPTCHA designs often create a problem. If they are complicated enough to block bots, 

they can be hard for users to solve. Conversely, if they are made simpler for user ease, they become easier for 

automated programs to get around. Because of this, it has become challenging to design CAPTCHA systems 

that are both secure and easy to use. 

Improvements in artificial intelligence, particularly in deep learning and computer vision, have increased the 

ability of automated systems to solve standard CAPTCHA tests. Methods like Optical Character Recognition 

(OCR) and adversarial machine learning enable bots to effectively interpret distorted text or images. Due to 

these advances, many traditional CAPTCHA implementations have lost their effectiveness. 

To tackle these issues, this research introduces a machine learning-driven CAPTCHA framework aimed at 

improving security while keeping usability in mind. The proposed method employs smart algorithms to create 

and analyze CAPTCHA challenges in real-time. By adjusting the difficulty based on detected threat behavior, 

the system seeks to find the right balance between security and user convenience. This study also shows how 

artificial intelligence can be used not just to bypass CAPTCHA systems but also to strengthen them. 

1.1 Background of CAPTCHA Systems 

CAPTCHA (Completely Automated Public Turing Test to Tell Computers and Humans Apart) is a security 

tool that websites use to tell human users from automated bots. It helps stop things like spam submissions, 

fake account creation, and automated attacks on web services. 

Over time, different types of CAPTCHA systems have been created to improve security and usability. The 

main types include text-based CAPTCHA, image-based CAPTCHA, audio CAPTCHA, and modern 

behavior-based systems. 

1.1.1 Text-Based CAPTCHA 

Text-based CAPTCHA is one of the earliest CAPTCHA methods. In this approach, users see a set of distorted 

letters or numbers and need to type them correctly.  

The characters are deliberately changed using noise, overlapping text, or background patterns to make it hard 

for automated programs to recognize them. However, improvements in Optical Character Recognition (OCR) 

and machine learning have made many text CAPTCHAs easier for bots to solve. 

1.1.2 Image-Based CAPTCHA 

Image-based CAPTCHA requires users to identify objects within images, such as traffic lights, cars, or 

bicycles. These challenges rely on human visual recognition abilities. 

Although this method improved security compared to text CAPTCHAs, modern deep learning and computer 

vision models can now recognize objects in images with high accuracy, which reduces their effectiveness 

against advanced bots. 
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1.1.3 Audio CAPTCHA 

Audio CAPTCHA was introduced to support visually impaired users. In this approach, users listen to distorted 

audio containing spoken characters and type what they hear. 

While it improves accessibility, audio CAPTCHA can sometimes be difficult for users due to background 

noise and distorted speech. Additionally, modern speech recognition systems have also become capable of 

solving many audio challenges. 

1.1.4 Evolution of reCAPTCHA 

reCAPTCHA represents an advanced form of CAPTCHA technology. Earlier versions asked users to 

recognize words from scanned documents, helping digitize books while verifying users. 

Later versions introduced image-based challenges and the “I am not a robot” checkbox, which analyzed user 

behavior such as mouse movement. The latest versions work mostly in the background by evaluating 

behavioral signals and assigning a risk score to detect automated activity. 

2 Related work 

Several studies have examined the relationship between CAPTCHA systems and machine learning 

technologies. 

Breaking the Code [1] discusses the weaknesses of traditional CAPTCHA mechanisms and demonstrates how 

machine learning algorithms can be used to bypass them. 

AI vs CAPTCHA [2] analyses how CAPTCHA technologies have evolved in response to rapid improvements 

in deep learning and automated bot detection. 

Human or Bot? [3] evaluates different CAPTCHA methods, highlighting usability issues and the effectiveness 

of AI-based protection strategies. 

Adaptive Security [4] focuses on modern CAPTCHA designs that employ adaptive mechanisms and real-time 

threat analysis to enhance security. 

The Future of CAPTCHA [5] explores how artificial intelligence and cybersecurity can be combined to 

develop more advanced and user-friendly authentication systems. 

3 Problem Definition and Research Gap 

Although numerous CAPTCHA systems are currently available, several limitations remain when these 

systems are applied in real-world scenarios. 

Many traditional CAPTCHA systems rely on static challenge formats that can be easily solved using modern 

machine learning algorithms. Optical Character Recognition models and convolutional neural networks have 

made it possible for automated bots to bypass these verification mechanisms with high accuracy. 

Another issue is the poor user experience caused by overly complex CAPTCHA challenges. Difficult puzzles, 

distorted text, and repetitive verification steps often frustrate users and reduce accessibility. 

Existing CAPTCHA systems also lack adaptive security mechanisms. Most systems present the same 

challenge type to every user regardless of behavior patterns. As a result, automated bots can exploit predictable 

patterns. 
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This research aims to overcome these limitations by introducing a machine learning-based CAPTCHA 

framework that dynamically adjusts challenge complexity according to real-time threat detection and 

behavioral analysis. 

4 Proposed System Architecture 

The proposed CAPTCHA system is designed as an adaptive security framework that integrates machine 

learning models with behavioral analysis. 

The architecture includes several components: 

 User interaction interface 

 Behavior monitoring module 

 CAPTCHA generation engine 

 Deep learning verification model 

 Database and logging system 

The system monitors user behavior such as mouse movements, typing patterns, and response times to 

determine whether the user is likely a human or a bot. Based on this analysis, the CAPTCHA challenge is 

dynamically generated with varying levels of complexity. 

Deep learning models are used to verify CAPTCHA responses and identify suspicious behavior patterns. The 

architecture ensures both secure authentication and a user-friendly verification process. 

4.1 User Interface Layer 

The user interface layer provides the front-end interaction between the user and the CAPTCHA system. It 

includes login pages, registration forms, and other web interfaces where CAPTCHA verification is required. 

4.2 Behavior Monitoring Module 

This module observes user behavior during interaction with the website. It collects data such as: 

 Mouse movement patterns 

 Cursor speed and direction 

 Typing behavior 

 Time taken to respond to challenges 

4.3 CAPTCHA Generation Engine 

The CAPTCHA generation engine dynamically creates verification challenges based on threat detection. If 

the system detects suspicious behavior, it generates more complex CAPTCHA puzzles. 

4.4 Machine Learning Verification Model 

The system uses deep learning models such as convolutional neural networks to analyze CAPTCHA responses 

and validate user authenticity. 
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4.5 Architectural Overview Diagram 

 

Figure 1: Architectural Overview Diagram 

4.6   Database and Logging System 

All authentication attempts, CAPTCHA responses, and behavioral patterns are stored in a secure database. 

This data is used to improve machine learning models and detect new attack patterns. 

5 Technology Stack and System Requirements 

The proposed CAPTCHA refinement system is implemented using a combination of web development 

technologies and machine learning tools. These technologies enable the development of an adaptive 

CAPTCHA system capable of analyzing user behavior and generating dynamic verification challenges. 
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5.1 Programming Language: Python 

Python is used as the primary programming language for developing the backend of the system. It offers 

extensive libraries for machine learning, data analysis, and web development, making it well suited for 

implementing intelligent CAPTCHA verification mechanisms. 

5.2 Machine Learning Model: Convolutional Neural Network (CNN) 

A Convolutional Neural Network (CNN) is used to analyze CAPTCHA images and assist in verification tasks. 

CNN models are widely used for image recognition and pattern detection, which improves the system’s ability 

to evaluate CAPTCHA responses and strengthen security against automated attacks. 

5.3 Framework: Flask 

Flask is used as the web framework to integrate the machine learning model with the web application. It 

manages user requests, processes CAPTCHA verification, and connects the frontend interface with the 

backend logic. 

5.4 Frontend Technologies: HTML, CSS, JavaScript 

The user interface is developed using HTML, CSS, and JavaScript. These technologies are responsible for 

designing the web pages, displaying CAPTCHA challenges, and handling user interaction with the system. 

5.5 System Requirements 

Hardware Requirements 

 Processor: Intel i5 / AMD Ryzen 5 or higher 

 RAM: Minimum 8 GB 

 Storage: At least 20 GB free disk space 

 Internet Connection: Required for accessing web services and deployment 

Software Requirements 

 Operating System: Windows / Linux / macOS 

 Programming Environment: Python 3.x 

 Web Framework: Flask 

 Web Browser: Chrome, Firefox, or Edge 

 Development Tools: Code editor such as VS Code or PyCharm 

6 System Workflow and Algorithm 

The proposed CAPTCHA system follows a structured workflow that combines behavioral analysis with 

adaptive CAPTCHA generation. 

Step 1: User Request 

A user attempts to access a protected resource such as login, registration, or form submission. 

Step 2: Behavior Data Collection 

The system begins monitoring user behavior including mouse movement, typing speed, and response time. 
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Step 3: Behavior Classification 

Machine learning algorithms analyze behavioral data to estimate the probability that the user is a bot. 

Step 4: Adaptive CAPTCHA Generation 

If suspicious behavior is detected, the system generates a CAPTCHA challenge with increased complexity. 

Step 5: CAPTCHA Verification 

The user submits a response to the CAPTCHA challenge. The system verifies the response using machine 

learning models. 

Step 6: Continuous Learning 

The system stores interaction data and uses it to train the machine learning model for future improvements. 
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Figure 2: System Flowchart of Proposed CAPTIV 
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7 Mathematical Modeling 

The CAPTCHA verification process can be modeled mathematically as a classification problem. 

Let: 

 HHH represent a human user 

 BBB represent a bot 

The system computes a behavior score: 

Score=f(M,T,R)Score = f(M, T, R)Score=f(M,T,R)  

Where: 

 MMM = Mouse movement behavior 

 TTT = Typing dynamics 

 RRR = Response time 

If: 

Score>Threshold Score > Threshold Score>Threshold  

Then the user is classified as a human. 

Otherwise: 

Score≤Threshold Score \leq Threshold Score≤Threshold  

The system classifies the interaction as suspicious and generates a more complex CAPTCHA challenge. 

8 Security and Privacy Concerns 

Security and privacy are critical aspects of any authentication system. 

The proposed CAPTCHA framework ensures that all user interaction data is stored securely using encryption 

techniques. Sensitive data such as passwords and authentication tokens are protected using hashing 

algorithms. 

Communication between the user’s browser and the server is protected using secure communication protocols 

such as SSL/TLS. 

The system also monitors repeated failed CAPTCHA attempts and suspicious interaction patterns. If multiple 

suspicious activities are detected, the system may block the user’s IP address or require additional verification 

steps. 

8.1 Security Against Automated Bots 

Traditional CAPTCHA systems primarily rely on distorted text or static image challenges. However, modern 

machine learning algorithms and Optical Character Recognition (OCR) techniques can easily solve such 

CAPTCHAs. 
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The proposed system improves security by integrating behavioral analysis and adaptive CAPTCHA 

generation. By monitoring user interaction patterns such as mouse movements and response timing, the 

system can identify suspicious behavior before presenting CAPTCHA challenges. This significantly reduces 

the chances of automated bots bypassing the authentication mechanism. 

8.2 User Experience and Usability 

Conventional CAPTCHA systems often require users to solve complex puzzles, identify multiple objects in 

images, or interpret heavily distorted text. These challenges may frustrate users and negatively impact the 

overall experience. 

The proposed CAPTCHA framework improves usability by adapting challenge complexity based on user 

behavior. Legitimate users receive simpler verification tasks, which reduces frustration and ensures smoother 

interaction with the web platform. 

8.3 Adaptive Challenge Generation 

Most traditional CAPTCHA implementations present the same challenge format to every user regardless of 

their behavior or risk level. 

In contrast, the proposed system dynamically adjusts CAPTCHA difficulty based on real-time threat analysis. 

If suspicious behavior is detected, the system generates more complex challenges. Otherwise, minimal 

verification steps are required for genuine users. 

8.4 Behavioral Analysis Integration 

Traditional CAPTCHA systems focus solely on solving puzzles or identifying patterns. 

The proposed framework incorporates behavioral analysis techniques such as monitoring mouse movement 

patterns, typing speed, and response timing. These behavioral indicators help detect bots even before they 

attempt to solve CAPTCHA challenges. 

8.5 Resistance to Machine Learning Attacks 

As machine learning technologies advance, many traditional CAPTCHA systems become vulnerable to 

automated solving techniques. 

The proposed system addresses this issue by combining behavioral detection with adaptive challenge 

mechanisms. This layered approach makes it significantly harder for automated scripts to bypass the 

verification process. 

9 Limitations 

Although the proposed CAPTCHA refinement system provides improved security and usability, certain 

limitations must be considered. 

9.1 Behavior Misclassification 

Behavioral analysis models may occasionally misclassify legitimate users as bots. For example, users with 

unusual browsing patterns, accessibility tools, or slower internet connections might exhibit interaction 

patterns that differ from typical human behavior. 

Such cases may result in unnecessary CAPTCHA challenges being presented to genuine users. 

http://www.jetir.org/


© 2026 JETIR March 2026, Volume 13, Issue 3                                                         www.jetir.org (ISSN-2349-5162) 

JETIR2603720 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org h153 
 

9.2 Computational Overhead 

Machine learning models require computational resources for training and inference. The integration of 

behavioral analysis and deep learning models may increase the processing load on servers, particularly in 

high-traffic web applications. 

This could potentially impact system performance if not optimized properly. 

9.3 Sophisticated Bot Behavior 

Advanced bots may attempt to mimic human behavior patterns such as mouse movements or typing delays in 

order to bypass behavioral detection systems. 

Although the proposed system makes such attacks more difficult, continuous monitoring and model updates 

are necessary to address evolving bot strategies. 

9.4 Implementation Complexity 

Compared to traditional CAPTCHA mechanisms, the proposed adaptive CAPTCHA system involves multiple 

components including behavioral monitoring modules, machine learning models, and dynamic challenge 

generators. 

The implementation and maintenance of such a system may require additional development effort and 

expertise. 

Table 1: Feature-Based Comparison 

Feature Traditional 

CAPTCHA Systems 

Proposed CAPTCHA 

Refinement System 

Security Mechanism Static text or image 

puzzles 

Behavioral analysis with 

adaptive challenges 

Resistance to Machine 

Learning Attacks 

Low resistance to 

OCR and deep 

learning models 

High resistance due to 

dynamic challenge 

generation 

User Experience Often frustrating due 

to complex puzzles 

Improved user experience 

with adaptive difficulty 

Accessibility Limited accessibility 

for visually impaired 

users 

Reduced dependence on 

complex visual challenges 

Behavior Monitoring Not available Mouse movement, typing 

behavior and response time 

analysis 

Adaptability Static challenge 

patterns 

Dynamic and adaptive 

challenge generation 

http://www.jetir.org/


© 2026 JETIR March 2026, Volume 13, Issue 3                                                         www.jetir.org (ISSN-2349-5162) 

JETIR2603720 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org h154 
 

Detection Method  

Puzzle solving 

verification 
 

Behavioral pattern 

recognition and machine 

learning 

10 Results and Performance Analysis 

The proposed CAPTCHA refinement framework was evaluated based on several performance indicators 

including security effectiveness, usability improvement, and detection accuracy. 

10.1 Bot Detection Accuracy 

Experimental observations indicate that the integration of behavioral analysis significantly improves the 

system’s ability to identify automated bots. 

By analyzing interaction patterns such as cursor movement and response timing, the system can detect 

suspicious behavior before CAPTCHA challenges are even attempted. 

10.2 Reduction in User Frustration 

One of the major advantages of the proposed system is the reduction in unnecessary CAPTCHA challenges 

for legitimate users. 

Since the system dynamically adjusts challenge difficulty, genuine users are often verified using simple 

interactions, which enhances the overall user experience. 

10.3 Improved Security Performance 

The combination of behavioral analysis and adaptive CAPTCHA generation provides a layered security 

approach. This significantly increases the difficulty for automated bots attempting to bypass authentication 

mechanisms. 

As a result, the system demonstrates improved resistance to machine learning-based CAPTCHA solving 

techniques. 

10.4 System Adaptability 

Another important performance feature of the proposed system is its ability to adapt to evolving threat 

patterns. 

By continuously learning from user interactions and failed bot attempts, the machine learning model improves 

its detection capability over time. This adaptability ensures that the CAPTCHA system remains effective 

against emerging automated attacks. 

11 Discussion and Comparative Analysis 

The evolution of artificial intelligence has significantly changed the landscape of CAPTCHA security. While 

early CAPTCHA systems relied on the limitations of machine perception, modern AI systems have overcome 

many of these limitations. 

Therefore, CAPTCHA systems must evolve to incorporate intelligent detection mechanisms such as 

behavioral analysis, adaptive challenge generation, and machine learning-based verification. 

The proposed CAPTCHA framework demonstrates how machine learning can be used to strengthen 

authentication systems rather than weaken them.  
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12 Conclusion and Future Work 

This research presents an adaptive CAPTCHA refinement system that integrates machine learning techniques 

with behavioral analysis to improve both security and usability. 

By dynamically adjusting CAPTCHA difficulty based on user behavior and threat detection, the proposed 

system effectively distinguishes human users from automated bots while maintaining a smooth user 

experience. 

Future work may focus on incorporating advanced artificial intelligence techniques such as reinforcement 

learning and anomaly detection to further enhance CAPTCHA security. 

Large-scale deployment and evaluation across different web platforms will also help validate the effectiveness 

of the proposed framework in real-world environments. 
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